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THE INFLUENCE OF THE DIAMETER RATIO ,ONTHE CHARACTERISTICS

DIAGRAM OF THE AXIAL COMPRESSOR*

By B. Eckert,,F. Pflliger,and F. Weinig

Retiortfrom the Stutt@rt Research Institute for Automobiles and
* Engines (=’’FKFs”)

PREFACE

The hub diameter of axial-flow work machines is in the first
place determined by the stage head and in the second place by the axial-
flow veloclty. Great pressures or heads in all cases require a large
diameter ratio. On the other hand, particularly when very great
volumes have to be handled, for example, in the first stage of axial
compressors or in cooling fans, the hub mu~t be small in order to
avoid too great meridian velocities, capacity coefficients, that is,
which would act detrimentally upon the efficiency of the work machine.

The following rule may be recommended for a first approximation:
The lower limit of the diameter ratio is limited by the emp~rical

equation u ~ \~O.8T dependent upon the pressure coefficient. A
further lower limit for the size of the hub is set by the surging
limit.’ According to the Institute’s exp~<fience,we must have the.
throttling or quantity coefficient u = ?

‘>
,~% 0.1. We hereby obtain

a second limiting condition for the smallest allowable diameter
ratio

*“Der Einfluss &es Nabenverhtilinisse~auf das Kennfeld des
Axialgebl!ises.“ Forschungsinstitut fh Kraftfahrwesen und :
Fahrzeugmotoren, Technische Hochschule Stuttgart.
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With very great atagely?adsj,~eat’.presuure’c.oefficfents, that is,
or with small voiumesj the diameter ratio on the basis of both
sforeraentionedempirical equations”bec’oijesvery large. The
following jnvestigq$ions therefore are,concerned in,partictilti’:with
the question of the upper limiting condition for the diameter ratio.

,.

It is hereby found,that the question of theratio d active blade
surface to passive surface, that is, to the hub end housing walls,
plays a decisive payt,in inj?luencingthe.efficiency. To obtain the
DELXi~ t3ffiCic3riCJ+tinupper limiting c&L&tic)Il u ~ 0.9 should IIOt
be exceeded, on the bas3.sof the following results.

,.. .. ....~.,,. ,.....

In’”&3e’of’’necessity,the diamet,erratio may be somewhat smaller
than corresponds to the abovb lower limiting condition, this being
based upon unequal pressure distrilnztionover the blade radius; that
is, the blade is loaded less at the’hub and more at the outer
cylindrical sections, to such an extent that the mean value of the
total nressure behind the blade again corresponds to the required,,
value. ,., .,.,. , .,.’,. ... ‘“”. . .,

,. ... . . .. .

,.. .
“’With,thef&.rtherdeve~opment:of axial .blowej%into”hi@ly’,loa&,d’”’,

flow machi~es, ,~he.influace,of the diaine%er”ratioupon ai~’output :.
and effic’ieqcj.gains”in:signj.ficance.,Clarificationof”this matter
is ihportant’for single-stage axial compl*essors,and iS of Still
greater ~portance f,ormllltistageones, a.nd’particularlyf’or,aircraft,,
power plan~~.. Tes$s with.a single-stage axial .blowergave a“decrease
in the attainable tiximum pressure coefficient,qriioptimum efficiency
as the diameter’ratio increased. The.decr&ase mustbeascri.bed ,
chiefly to
increasing

,.’

. ,.

,,...
the guide’sti~faceof the hub ~d hqusing letweenthe blades
with the‘“dieiaeterratio.

4,,. .,,..,,, ,.,,,..
,!.

..$. :,. SECTIONS.
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Scoye of tests and test procedure

Test results end evaluation of tests
(a) The influence of the didmeter ratio on the non-

dimensionalc,h~rac.ter~stics.ami.designfactors-”
“ (b’)Subditis~on of the total.efficiency, and the relati:~

between the partial efficiencies and the diamet6F ratt’o,
(c) The influence of the diameter ratio on the .dra’g-’lift ratio

summary
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INDEX OF THE FREQUENTLY USED SYMBOLS

lift coefficient (-)

mean flow velocity in the blower (m/s)

component in the peripheral direction; tangential
component (m/s)

drag coefficient (-)

circulation coefficient (-)

blower outer diameter (m)

blower hub diameter (m)

distance of’one blade element from the axis of
rotation (m)

acceleration of gravity (m/s2)

weight flow (kg/s)

head (m)

nondimensional rotary speed (-)

Power coefficient (-)

windage power-loss coefficient (-)

cascade influence coefficient (-)

blade chord (m)
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‘total

N
%ss

= &R,,“
10ss

.
N’
L = ‘HLlos~losg

Nst = 6Hst

Nn = &Had
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shaft power; total power (mkg/s)

mechanical powei”10SS, (In&#s)

indicated compressor Wwer. (mk~/s)

power.loss in the rotor blatilng, (mkg/s)

power loss in the ste+mr bladiii~ (mkg/s:

windage pcm7er10ss.. f~ds) !

clearance Dower 10ss (/;-&g/s)

,... ., . ..
.ro%or~eri?he~” ~owbk,”(jo~+” dey+’otie$,

by blades) (mkg/s)

stage power : (&g/s)’ ““””’ ““ “’ ‘“
. .

useful power (mkg/s) ““ “ ‘“ ““

rotary speed of the ,com~reesor,:(3?P),. :... . ., .,.,

?ressure rise (kg/m2).:. ... ~ , ~

width of ,clearance (m) , :“, ~~... “::.:

blade spacing or pitch ,.(m),::; : : ,,,~~..:,;. “’,,,”:

(m/~) . ,,.:.,.peripheral velocity
,’,.

flow volume (m3/~)

rm.mberof blades in the ~otoia (-)

angle between the periz~h,eraldirection and

%
CD
+4
L),

n)~>

.

,,
;.”

... . ;

the chord of the profile center line, degrees

~a~-lift ratio (-)
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CR rotor ~43-liflratio (-)

‘p profile drag-lift ratio (-)

n efficiency (-)

v dlsmeter ratio (-)

P mass density (kgs2/mk)

7 volume density (kg/m3)

9 compressor flow (or capacity) coefficient (-)

v compressor pressure coefficient (-)

a throttling or quantity coefficient (-)

am flow angle (angle between the “mesnrelative approach
velocity and the peripheral velocity), degrees

Subscripts:

mech mechanical

Vol volumetric ‘

vent windage

u blade

‘ad Internal isentropic

ad = total over-all efficiency at the blower coupling

R rotor -

L stator

t3t static, or stage

th theoretical, see figme 23

id ideal

loss loss
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m mean section

P profile

ad isentropic

m relative to the actual approach flow direction

a outer

i inner

Superscript:

for one blade element

1. INTRODUCTION

With low-pressure ‘axialblowers, lut alGo with axial blowers
havfng pressure coefficients up to about ~ = 00~, the influence
of the diameter ratio on the blower characteristics is ndt
particularly large. In this case the hub dimensions are usually
so chosen that there may be room for the number of blades determined
mathematically. With an increase in the stage pressure coefficient,
which is desirable for various reasons, a knowledge of the capacity
coefficient suitable for a prescribed pressure coefficient ~ is ‘
necessary, because ‘uVonfalling short of a certain ratio between the
capacity coefficient and the pressure coefficient expressed by the

throttling or quantity coefficient o = $ the surge limit of a

compressor is reached or passed, which m&es perfect operation of
the compressor out of questjon. However, because the capacity

Coefficient Q = ~~ =
7 1

~ iS decisively affected by
‘a ;122(1 - Uq

‘ d the allowable diameter ratio is.of greaterthe diameter ratio u= ~

importance with blower having high pressure coefficients.

For this reason the problem exists of~finding the dependence of

the attainable quantity coefficient ‘rs=~ upon thediameterratioj
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of determining the effect of diameter ratio of vtilous sizes upon the
attainable blower efficiency, and of clarifying the magnitude of the
diameter ratio’s influence, Knowledge of the influence of the diameter
is particularly important for multistage axial compressors, for air-
craft engine superchargers,and for compressors for jet engines;for
exemple, because with increasing compression the flow volume falls
off, whereas the stage pressure increase on the other hand must remain
as great as possible in order to manage with as few stages ae possible.
Under these circumstances it is chiefly knowledge of the diameter
ratio v > 0.7 that is worth while.

2. SCOPE.OF TESTS AND TEST PROCEDURE

The 48-blade axial rotor shown in fi~ure 1 was used as an
experimental blower and its blade sections and characteristic
dimensiorm are shown in figure 2. Changing the cowls of the blower
approach flow end blow-off, and of the following guide devices or
stator (fig. ~) made it possible in a very simple way to investigate
the diemeter ratios between the limits v = 0.77 to 0.95. The rotors
end stators of the experimental blower were calculated and built for

the diameter ratio v = ~~= 0.75 and suitable inserts were provided
0.45

for larger diameter ratios. Care was taken in this connection that
the ineffective blade roots with the larger diameters could not
falsify the result throuq~ additional windage lessee. The static
pressure measurements in front and behind the rotor and stator were
taken both outside at the housing and also inside at the front and
rear cowls; that is, at the outer and at the inner borders of the
flow ● (See fig. 3.) The pressure readings under these circumstances
varied only very little from one another. In order to obtain measure-
ment readings for various blade settings, the rotor blades were made
adjustable. With the large number of Mades it seemed expedient, in
order to save time and to increase the accuracy of the tests: to be
able to turn and lock all blades simult~eously, which was made
possible by the toothed ad$.astingdevice shown in figure 1. The drive
balls engaging the teeth of the @@sting device were installed wi.fi
no play whatever.

I -’-:. .
+
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3. TEST RESULTS AND EVALUATION OF llXYIS

(a) The Influence of the D@neter Ratio ‘onthe Nondimensional

,., .
Characteristics and Design Factors

Fj.gures,4to 8 show, for five different diameter ratios ~ = 0.755
O.~, 0.85, 0,9, and 0.95 of the single-stage test blower, the
experimentally found dependence of the revolutions per minute and the
blower efficiency upon the capacity coefficient. From these blower
characteristicsdiagrams, we clearly see that a decrease in the
maximum revolutions per minute attainable and in the optimum efficiency
accompanies am increase in the diameter ratio.

In order to meke it possible to utilize the test results as a
basis for further calculations> the ihfluence of the dlameter”ratio
was also represented in still another way as’a function of a
definitely determined nondiriensionalcharacteristic. In away ‘
similar to the specific revolutions per minute for pumps and turbines,
which serves as & basis tor their beionging
we may also set up for axial-flow blowers a
teristic magnitude:l.

to a certah’1classification,
corresponding charac-

(-) (1)

lWe%er, M,: Die .speziflschenDrehzahlen und die e.nderenKenn-
grtissender Wasserturbinen, Kreiselpumpen, Wind?%der,und Pro-
peller als dimensionsfreieKenngr6ssen der ~hnlichkeltsphysik.
Schiffbau Bd. 31 (1930) pp. 73, 156, 207, 413, 432.

Weber, M.: Das allgemeine hlichkeitsprinzip der p~sik Und
sein Zusaumenhang mit der Dlmensionslehre und der Modellwissenschafti
Jahrt. d. Schiffbautechn. Ges, Bd. 31 (1930) p. 273.

Weinig, F.: Ein Vergleich zwlschen Kolbenmaschinen und Trngflti-
gelmaschinen mit Hilfe dlmensionsloser Kenngrdssen. Mot.-techn.Z.
Bd. 2 (1940) H. 8p. 255.

Eckert, B.: DimensionslcmeKenngr&sen Ton Gebl%en uxd Verdich-
tern. Auto.-techn.Z. Bd, 47 (1944) H. l/2PPo 1 to’7c
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Because the characteristics diagrams (figs.4 to 8) are as
usual plotted in nondimensional form, it is advantageous also
express the nondimensional rotary speed in the nondimensional
factors. We obtain with the flow volumes

v= (J@F(1- ‘i?)Ua

for one time unit, and with the head

Had = Vu&

the nondimensional rotary speed

Kn=q) +1 _u2)@ *--3/4

The throttling or quantity coefficient is defined as the
of the dynamic pressure to the total presmre

u=
apron

9

to
design

(2)

rat10

(3)

Now if we insert into the separate blower characteristic diagrams
the lines of constamt nondimensional rotary speed (equation (2)) and
constant quantity coefficients (equation (3)), then we obtain fi~s 9
to 13. From these graphs it is now possible to see the influence
of the diameter ratio u upon the characteristics ~s *, q, of
an axial blower, and the connection with the important nondimensional
ch~acteristic magnitudes Kn and a which determined the Prelimi~V
computations and the production design.
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Figures 9 to 13 do indeed contain all knowledge gained in the
preeent exp”erirnehts;their uke is however.not very clear because
of the su%divisidfiinto’.fi% separate’diagrams, and because of the
-d~b~nde~t”’v~j.ab~~s’ (q~’ $, ‘@, ~’;‘Kn; “p”~;:u). For these
reasons a few particularly impoittit-resti’tsof eval.tiation”will be
discussed in the following.

If we think of the curves Qf specific rotary speed in figures 9
to 13 as tangents to the conchoidal effic~c.ncycurves, and comect
the contact points together, then we obte,inthe optimum efficiency
reached in the present experiments, for thq:case,.lunde,rconsideration
as a function of the nondimensional rotary speed for various diameter
ratios (fig. 14). In figure lk, which conl-sinsthe results for all
five diameter ratios investigated.,the,corresponding lines of
constant4quantity coefficient are aif30 dram in.

The results show that with the usually prescribed nondimensional
rotary speeds the attainable blower efficienc”ies’’”decyeaseas the :
diameter ratio increases, This discovery Foes beyond the investigated
pitch ratio, and is of fundamental.importance in the preliminary destgn
of’multistage axial compressors. , : .,? . .

In the future still other pitch ratios, and particularly larger
pitch,.rat~os,are to be investigate?; yet with such rotors only a
small stage pressure increase’wfllbe r6aehe~; ‘s6that they tie of
minor significance for the mul.tlst&e ~ype~ ““ ‘ ~:

Special attention must be drawn to the fact that with different
compressors under consideration, numerical values should not he
taken from figure 14; figure 14 is intended merely to illustrate in
a general way that the attainable ef’ficiincydecreases as the diemeter
ratio increases. The quantity coefficient curves a recorded in
figure 14 likewise relate only to the experimental llower; that is, they
should not be made the basis of the”design of ‘%n.ydesired compressor;
a larger or smaller blower efficiency may also be reached with other
quantity ccefficientst depending upon %he structmal dimensions.

In figure 15 are shown the results of a simj.larconsideration,
the:depeniienceofthe optimum efficiency upan the quantity coefficient
at vai-iousdiameter ratios U, whereby ‘theexpression
,...

C?u = CT(1-D*)2 (4)
,..,!....” .:. ’”’.
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proved to be convenient as the basic quantity coefficient. This basic
quantity coefficient is therefore the quantity coefficient in the
,.unobstructedtubular section, in contrast to the effective quantity
coefficient, which is related to the blower cross section reduced
by the hub.

The behavior of axial compressors with’variation of their blade
settings is also often worth knowfng for regulatory problems. In
figures 16 to 18 are shown the quantity coefficient as a function.
of the specific rotary speed Kn for various diameter ratios from
0.75 to 0.95 and.the blower efficiency obtained is in each case
recorded as a parameter; figuzre16 shows the relationship for the
calculation setting (P = 300), figure 17 for the blade turned to
another yosition (BS =‘360), and figure 18 for a.blade setting
(Ps = 240) with the bSades locked..

The influence of the diameter ratio on the highest pressure
coefficient attainable in the case under considerationwas also to
be clarified within the scope of the investigations. In figure 19
is shown the maximum pressure coefficient ~max for various blade

setting ~~ = 180 Up to Ps = 5ko as a function of the diameter
ratio u of the experimental blower. If we go on to compare the
maximum pressure coefficients obtained for each of various quantity
coefficients u we then obtain the curve of maximum pressure
coefficients ~max shown in figure 20 for various diameter ratios
(index ●J = x) relative to t-hemaximum rmessure.coefficient for
the diameter ratio u

(
= 0.755 ‘{&x

)
. The results show that

U=o.75
the relative values of the ratio ‘$v

depend but little upon the
$0.75

blade setting and quantity coefficient. The mean value curve drawn as
a solid line in figure 20 satisfies the equation

_.k-_=
%ko .75

-5.77& + 7*95V - 1.71 (5)

The values of the ratio
%na~ .x

were considered in the same
9
‘axV=o.75

way, and the results are shown in figure 21. In this case also the

,.- ,, !!!. ! !! m !.. ., . $ ,..., ,-- --——
. .
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sensitivity with respect to blade setting and quantity coefficient
is only slight; the formation of the mean values in the latter case
satisfies the equation

_Je--=
ho .75

-3.73v2 + 5.32v - 0.9 (6)

(b] Su~division of the Total Yfficiency, and the Relation

Between the Partial Efficiencies and the Diameter Ratio

The Tower Ntota~ required by an axial compressor is larger,

hy the amount of the losses, than the effective yower ap@ied to
medium delivered. The losses are composed of the mechanical losses,
the windage losses, the gan or clearance losses, and the frictional
losses in the blades of the rotor and stator or guiding devices.
The energy balance is shown qualitatively in figure 22 in the form
of a Sankey.diagram, and the condition change during flow through the
compressor is shown qualitatively in figure 23 by the Mollier i-s
diagram for air (enthalpy-entropy),taking into account the yartial
losses.

The mechanical losses that occur in the bearings, intermediate
packings or seals, and in the joints of the jointed shaft (fig. 24)
are comprised in the mechanical efficiency.

Ni ‘total - N% Nm
?mech = — =

Ntotal
=1-—

‘total ‘total

In this

‘total shaft power (PS)

INm power for covering the mechanical losses (Ps)

N1 internal (indicated)power (PS)

(PS X 0.986318 = m?)

The mechanical efficiency is given the experimental value

(7)

7mech = 0.98
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The windaQe losses are produced by air carried along at the
ends of the’r~tat-ingrotor through friction, this air being thrown
outward by centrifugal force, whereby eddies are Troduced. They
are taken into account through the windage efficiency. With the
symbols in figures 23 and 24 we obtain

~~e~t =

Corresponding

Nvent ~ %ent ‘th-%ent ‘st
1 .—= -— =—

‘i ‘th ‘th
.G

to the windage power-loss coefficient

(8)

usual in steam turbine practice, the windage power loss, relative to

(
d Ui

)

2
the compressor outer diameter - = — =0 msy be written

\D Ua

(9)

According to A..StQdola3

‘2 = 0.0021 to 0.0028
vent

in a steam turbine for a smooth rotor and in a not too narrow axial
gap at a comparable Reynolds number. For the test blower with the
very great axial gap bv.twith somewhat greater roughness k

‘vent
should be about the same magnitude. The greater roughnees builds
Up a greater stagnation layer and thus in effect Guts down the
clearance and consequent windage loss. In evaluating the test there-
fore, the assumption was made that

‘1 = 0.002(3.
vent

2
The shaft diameter is assumed to be small. When the mass density

is different on the two sides of the rotor, its mean value is to be
inserted.

3Stodola, A.: Dampf- und Gasturbinen. 6. Aufl. Berlin.
J. Sprfnger 1924.
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If for the internal power of the blower wewrite:

(lo)

whereby, using equation (15) for the internal adiabatic efficiency,
the power coefficient is -

(11)

then with

‘total = ‘iadqmech

The Rap or clearance lossr~ occur as a result of the gap or
clearance necessary for operational reasons between the rotor and
housing

(NvOIRj
and under certain circ~~lst~ces between the stator

or bearing and shaft
(NvOIL)”

Because of the pressure drop that

exists between the pressure sfde and the suction site, a portion of
the working medium ~ or AGL flows beck in some cases, The

clearance losses are taken into account by the volumetric efficiency
~Vol

The total volumetric head loss

(13)

HVol = %OIR +H
‘oh
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is hereby composed of the volumetric head losses in the rotor

‘ap (HvOIR) ()
and in the stator gap H 1v“ L . By the volumetric

efficiency of the rotor and of the stator are understood

.
VVOIL = ---QT--

& + AG1~

Let them be regarded in the following as given. With them we get

d %?)H =l-~vo Hidv“
stR

or, if Hu indicates

and w indicates the

HVOIL = ( )
1 - ~vol Hid
\ L StL

the ‘lidealt’head of the rotor

Hu = Hst - Hml = ~volHst

degree of reaction

%ism = WHU

‘.idstL= (1 -W)HU

II
%OIR ‘(

)
‘q ~’wHuvo R

HVo =1-
%( )

‘VOIL (1 - W)HU
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amd consequently

or

‘bol = p
1“

-%ol# - ‘lvo# - w)

for

w approaching 1; ~VolR approachtig 1; VIvo L approaching 1,

we obtain as a first a-pproximation

kol approaches ~~VOIR

The approximation is particularly applicable to rotors having
following statoro

The frictional losses H
(R+L)lo~~

at the blades of the

rotor HR ad the stator HL
loss

are taken into account
loss

a

through

the llade efficiency ?lU. This.is given as the ratio of the head Had

actually reached.to the head Hu (fig. 23) remaining after deduction
of the windage

( ‘vent) and clearance
()%ol

losses from the
theoretical head Hth:

‘ad ‘th - ‘vent - Hvol - ‘(R+L)IOSS
vu=—= (14)

Hu ‘th - ‘vent - Hvol
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From the foregoing definitions we consequently obtain for
the internal efficiency, that is, the ratio of the useful power

the total power transmitted to the working medium -

Had=—

‘th

‘th - ‘vent ‘m “ Hvent - HVO,I.Hth - Hver.t- HVOI - H(R+L)
1= .—

‘th ‘th - ‘vent ‘th - ‘vent - ‘vol

=St % %=—— —

‘th ‘st ‘U

= ‘ventqvollz (15)

Had
product VVolqu = — may be termed the stage efficiency q~t.

%t

the total or adiabatic efficiency we consequently obtain

~ad = ll~t-1 “ 9iadVm0Ch = qvent?vol?uqmech (16)

In accordance with this we obtain for the separate powers (mkg/s)
the following relationships:

Total drive power Nto~l =Ni + N~ch

Internal power Ni = Hthd = VmechNtotal

Stage power Nst
(

=HstG = ‘Hth
)

- ‘vent ~ = ?ven#Ji

Blade power Nu = HU6 =
(
Hth - Hvent

)
- Hvol & = VvolNst

Useful power Nn =Had6 = ‘Ha - Hvent - Hvol

1
- ‘(R+@loss c=~au.

— —
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.
Windage loss power ‘vent = ‘ventG

Cl+3aranceloss power I’$vol= Hvold

Blade loss power N(~+L)).088= ‘{R+L)lo~sG

The qualitative relationship between the diameter ratio v
and the blade efficiency VU may be derived from the following
consideration.

The blade efficiency of an axial blower in terms of one blade
‘elementat a distance r from the axis is

and

(17)

The index (1) hereby indicates that the magnitudes relate
only to one blade element. The effective capacity coefficient is
hereby

Q’ =
‘R

cm
1

u’ -~
2

cm

&
-lz--
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and because

%,=ql
~

and

Cr-’ J/l

— = 2,(7u’

Consequently, for the rotor

end for the stator

‘?’.=$-
L -.

density, with

41-IU‘

Furthermore with a negligible change in

AP = YHad

&?u = yHu

APU = gu2$=; u’2q=A%
vu Td,et + ‘%id,stu

19

, , , , ,.,,, , . ,,-,,,,,,,——-.,, ,.-.,—
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and the ideal static pressure rise in the stator (index L)

and in the rotor (index R)

A% +?2
id,st

@“’2(%Y=~u’2[%-(*j

Consequently for the blower element

Ap = AI)U
= ‘p(13+L)lose

whereby

‘p(R+L)lo~s=Amlos~+ ‘%1OSS

and the yressure loss in the rotor

%.s8 = t - ‘:)[$- (&flsJ’

and the pressure loss in the stator

%1055 = ~ - %’)(*J ;.’2
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-d- < 34, we my however write as an estimate fOrSo long,as ~Vut

‘-‘“bacli“elbrnentof the blchrer

that is

Furthermore if we write

then

1- GR(pI

~u’ % ?R’=
1+%

v’

Assuming a constant mean flow velocity (~ = constant) and a

constant profile drag-lift ratio (~) independent of the blade

section r under consideration,we obtain for

the relationship Q1 = ~ whereby x = ~

/
2rlIdr

L ri
.,

&

=qff-m’r-q%~-w-

the entire blower, with

(18)

%snslatorls note: << meana is much less than.

‘\

Il. .— —



22 NACA TM No. 1125 “

Evaluation of equation (18) is very tiresome,.~,articularly
for large values of the capacity coeffic~.~~~ 9S @~ever~ so,.,lo%
e.s CR<< 91 then

....

and

,.

(19)

Through the similar equation, which however’takes into account the
asymptotic %ehavior for small value~ of q

exact results are quite cloeely ap~roximated both for large as well as
for small values of p. Evaluation of eqv>jtion (19L~) is shown in
figure 25.

Taking the cleararme losses into acco~~ntthe internal adiabatic
efficiency becomes

7. =7
%d ventqvol’lu

and the over-all efficiency at the blower cou~>lingbecomes

qtotal = ?ad = qvent~vol~u~mech (20)
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Consequently,
,.,.

‘-lt~t~l

‘vent~vol~mech
(21)

With the values Vvol = 0.98, ~ech = 0.98 based upon test

results and the assumed value % = o’0028 we obtain tie values
vent

shown in table I for the blade efficiency:nd the corresponding
effective drag-lift ratios according to fi~ure 25, in each case for
the experimentally found optimum value.

.

TABLE I

Ph%I??HE12ALEFFICIENCY Vu AND GRID lXIAG-L.tiTRATIO CR

DIAMETER RATIOS u
——

[

----1

u w ~ ~~otal

“i

‘-vu 6R

O*75 0.730 0.470 0.778 0.813 0.0838
.80 .710 .440 .748 ,783 .093
.85 .665 ,406 .705 .742 .103
.90 .590 .352 .648 ,674, .117
995 .465 .300 ● 515 .562 ~ .1.40

._i-----

FOB VARIOUS

(c) The Influence of the Diameter RatiQ on the Drag-Lift Ratio

The drag-lift ratfO CR of the rotor or stator is evidently
considerably greater than the drag-lift ratio

‘P we might expect

for *,e profile itself. The difference is evidently caused by the
fact that not only the blades themselves %ut also the portion of the
hub surface and housing surface lying between the bladee cause flow
losses. These surfaces, at leaat with a sufficiently large number of
blades, that is, sufficiently close spacing, are under substantially
the sane flow conditions, that is, the same acceleration and
retardation, as the profiles along their ayial extension. Therefore,
the flow lo~ses hereby produced stand in approximately the same ratio
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to the flow losses at the profile surfaces as these portions of the hub
surfaces l?i= ztili sin pi and housing wur,faces Fa = ztaza sin $a

...
stand to the profile surfaces

‘P = 2Z2U(R -

re.tioof the drag coefficient Cw which is
r

efficiency ~ to the drag coefficient CIT
P

7). Consequently,the

determinative for the

of the profile in a

smooth grid flow, and consequently also tt:eratio of the corresponding
drag-lift ratios becomes

Cwr CR taza sin pa + ti2i sin pi ~ ~ tm sin I%
—=— = 1+
Cw Cp
P

2?m(R - q) ~ =

In”this

tm =

sin Pm =

ta2a sin ~a + tili sin $i

2(la sin f3a”+2i Bin S-j)

pm*

Consequently,

(

.
CR =~p 1+ ~ - sin pm

) = %kc

(22)

(23)

—..
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The values compiled in table II were found with the foregoing
resultsfor the test blower z = 48 blades. ~~- -

TABLEII

PROFILE DRAG-LIFT RATIOS ep OF THE TEST.BLOWER FOR VARIOUS DIAMETER

0.75 48 0.743 0.458
.80 47 .731 .389
.85 44 ..695 .018
.90 39 .62~ 1.242
.95 32 .530 2.582

.—

1.341
1..431
J..565
1.782
2,369

0.0618
.0650
.0657
.0656
.0590

The evaluation of the test results can also be effected aaphically
when kc has been ccmq?uted, as is shown in figure E?5. -

For msqy applications it has been

ta + t~

2=
tm =

fou..dadvantageous

t~ ti
—= —=71

2R ‘a
and thus to write

to introduce

Zm sin lili
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In order to evaluatethsse:.drag-liftratios, let us first
make an estimate of the corre~,pondingmem angle of incidence ~

the mesn circulation coefficient ~m or the mean lift

coefficient c
%

and the mean prdfi~e’d’ragcoefficient c
%m

by rn6ans’of . ‘ (see f:tg;26:j’ ‘ ‘ ‘“’
. . .... . 7

cm %
~=k-om~=~m-arctm —- =pm “,,-“arc tan

VmAWU., ‘ ;, \l-_
u-- ~ ;;

kqu:.,, ... :’” “
. .. . .. . . ,; ‘l)m ,,’:

- .w~%2’ , 1
22

Crm= ~ .,, -,=
Q&.’ ‘.’ . ‘.5, ;..:”

“1

‘~” ; !y&+i!iii ~ ,: ~ ’24)

LJ

.,,.,. . .. ,, .,,, ..’( :,. 2...; ::..’,..

‘Q=HU~B
...””’

!.

. . . ,.2’,,.,.,,:. “:”.‘.
*m=()2*

l+lj ‘

Furthermore

Cw =cc~
~m ‘.m .

.. . .

.
For the present test results we then obtain the following values
for

?m> c~2 c~rpm
shown in table III.



v

) .75

.80

.85

.90

●95

1.sOO

.—

0.0257

.0264

.0272

.0279

.0257

.029k

).0312

.0312

.0312

.0312

.0312

.0312

0.826

.850

.878

.897

.921

.945

0.537

.489

.432

.371’

.308

---

$
m

0.935

.878

.778

.653

.491

----

Because the blade efficiency ?IU increaseswith the flow coefficientfor the diameter

NBIJZ

vu

).813

.783

.742

.674

.562

---

[1 !

37.8 10.2

34.6 12.4

30.7 13.3

26.3 l“ .7

23..8 10.2

---- 1 ----

--L

c IIh q
1

1.15 0.0618

1.16 .0650

1.12 .06zj7

1.18 .0656

1.01 .0590

----

1
----

c%
1.015

.989

.907

.87

.629

-“--

c
‘P
m

O .0628;

.0643;

.0596

.057

.0371:

----

ratios investigatedand for a constant ~R and thereforewith a fixed %la~e settingfor a

constant’% also, the operatingpoint with the optimum Gp evidentlylies at a lower p

than the operatingpoint with qont. The values ~ and~p o%tainedfrom the above.
experimentalvalues at the oytimum efficiency VOpt must thereforebe somewhatworse, larger

that is, than the optimum value Tossible. With this optimum value of eR or ep is also’

associateda lift coefficientthat is somewhatlarger,but which must in turn be somewhat
smaller than the maximum attainablelift coefficient

C%ax > C%opt > CallOpt
-2

I
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Evaluation of the tests shows that Cp end Ca
~opt ~opt‘

respectively,are, within the limits of test and evaluation accuracy,
independent of the diameter ratio, The decrease in efficiency
and in the pressure coefficient with an increase in the diameter
ratio is consequently to be ascribed chiefly to the increasing
influence of the portions of the hub surface and housing inner
surface between the blades, which cause proportionally the same
flow losses as the blades themselves, but which however contribute
nothing to the useful work.

The efficiency lines shown in the lower part of ftgures 4 to 8
have in each case an envelope. The points lying upon these envelopes
must in each case correspond to an operating conditioh of optimum
drag-lift ratio cp. If this drag-lift ratio were known, then the
envelope could eas~ly be calculated by the aid of the relationships
given, Now as a check let %Opt = 0.063 be taken as the basis for

all diameter ratios end blade setting.

9> ~, and ~total are known for each point of the envelope.

From this we first obtain the peripheralefficiency in accordance
with equation (21)(line rIu2 fig. 27) . With CR = cpoDt we have

an upper limit for TU according to equation (19) whic~ leaves out
of account the flow losses at the lateral guldesof the flow past
the hub and housing in the region of the hades (line q~ in fig. 27)0

With ~R = keep (according to equation (23)) these flow losses are

taken into account as respects the peripheral efficiency Vu

according to equa”tion ~1~~) (line 7U1 in fig. 27). The results

of these evaluations are reproduced in figure 27,

The difference (c) between Vu = ~ul computed with ~p = 0.063

and the vu = 7% obtained from the test results may be ascribed only

to the slightest extent to the factors neglected in deriving
equation (19). No substantial change in the profile drag-lift
ratio Cp occurs even when there is a change in the blade setting
and consequently in the load distribution along the radiust

The main influence is probably the changed flow to the stator.
Because this influence is considerable, we ccxitemplatemaking tests
of the entry shock into the stators.

,. .“
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4. &l’mimY,—. ,..,..

The tests on me single-stage axial lllowerwith ~ variable
diameter ratio gave a decrease in the maximum attainable pressure .
coefficient as the diameter increased. A com-parisonof the
throttle coefficient for the cases in question led to a similar
result. As further evaluation of the tests and further consideration
showed, the optimum efficiency attainable is dependent upon tie
specific rotary speed Kn and the quantiby coefficient (JV related
to the unobstructed tubular cross section, tut it always decreases ~
as the diameter ratio increases.

In evaluating the tests the over-all.efficiency was divided
into its partial efficiencies, Because jn.the test blower, with
relatively small drive power but with larflestructural dhnensions,
the influence of rotor frictional and win3.~ngelosses had their effect,
the efficiencies attained were low. This should be particularly
noted in order to avoid errors. With aircraft-engine axi?~ supcm-
bhargers, usually of multistage design, the windage losses for
example would be practically negligible. The same applies to a
jet~engine compressor. Indeed in this case the absolute win~ge
losses are similar to those with the test blower; however, the drive
losses are considerably”~weater, for which reason the windage losses
may again be neglected in most cases.

Theoretical considerations, which permit predetermination of
the internal adiabatic efficiency, agree -rerywell with the results
of the tests. As the diagrams show, the iilternaladiabatic efficiency,
which is decisive for compressor ener~ considerations, is extra-
ordinarily sensitive to the &ag-lHt rat~.o,which indicates“the
necessity of optimum s~face quality and precision manufacture for
axial compressors, Moreover the res@ts sho~rthat the optimum value
of the internal efficiency is dependent upon the flow coefficient
~d upcm the diameter ratio used in the case under consideration. The
other partial efficiencies, which determine the coupling power required
in the case in question, are to a great extent not influenced by
the diameter ratio, and are largely dependent upon the precision of

,,manufacture (qvoI.), U’pOIl the tYpe Of drive (~mech), and.upon the
structural.dimensions (Ovent), but these are of minor significancti
in,a comparison”with the blade efficiency.

Tmnslatedhy W. G. Weekley
Bureau of Aeronautic,
Naw Department
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Figure 1.- Rotor of test blower with z = 48 blades.
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Figure3.- Test stand for investigating theitiluenceof the diameter ratio. 5!
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Figure 4.- Characteristics diagram for the test blower with a diameter
ratio v = 01755. Blade amgle.
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Figure 5,- Characteristics diagram for the test blower with a diameter
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Figure 6.- Characteristics diagram of the test blower with a diameter
ratio u = 0.85.
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Figure 10. - Characteristics diagram of thetest blower with lines of
constant specific rotary speed Kn and constat throttling or
quantity coefficients 0. Diameter ratio u = 0.80.
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Figure 11.- Characteristics diagram of the test blower with lines of
constant specificrotary speed K& and constant throttlingor

quantitycoefficients a . Diameter ratio ~ = 0.85.
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Figure 12. - Characteristics diagram of the test blower with lines of
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Figure 13. - Characteristics diagram of thetest blower with lines of
constant specific rotary speed and constant throttling or quantity
coefficients u . Diameter ratio v = 0.95.
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Figure 14. - Optimum efficiencies obtatied as functions of the specific
rotary speed, for various diameter ratios and lines of constant
throttling or quantity coefficient.
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Figure 15.- Optimum efficienciesobtained asafunction of basic
throttlingorquantity coefficientfor various diameter ratio
parameters. Specificspeed is also plottedin dash lines.
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Figure 16. - Throttling or quantity coefficient u as a function of the
specific rotary speed Kn , for various diameter ratios u and
lines of constant efficiency (Calcdation setting PS = 300).
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Specific rotary speed ~

Figure 17. - Throttling or quantity coefficient o as a function of the
specific rotary speed Kn, for various diameter ratios and lines
of constant efficiency ( PS= 360).
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Fimn?e 18. - Throttling or quantitycoefficient a as a function of the
specific rotary spe~d K-n, for various diameter ratios and tines
of constant efficiency (ps = 24° ).
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Figure 19. - The maximum blower pressure coefficients reached during
the test for five clifferent diameter ratios and seven different rotor
blade settings.
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Figure 20. .- Ratio of the attainable pressure coefficient (Yma u = x)

to the maximum pressure coefficientreached” ($mu u = O.75),

as a function of the diameter ratio.
t
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Figure 21.- Ratio of theattainable flow coefficient (pmuu =x) to

themaximum flow coefficientreached (Qmu u = O.75),as a

function of the diameter ratio.
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Figure 22. - Energy balance of an axial flow compressor.
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Figure 23. - Change of stateof the air in flowingthrough the compressor.
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l?igure25. - Line diagram for the determination of any quantity
in defining equation at top of page for given values of the other
quantities. Itis primarily used to determine profiledrag-lift
ratiofrom compressor.
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Figure 27. - Breakdown of blade efficiency qu as a function of the
flow coefficient v for diameter ratios u = 0.75 to 0.95,

a. Losses as a result of friction at the acting surface of the
blades. (Gp >0 )

b. Friction losses at the hub and housing (guide surfaces) as
a result of k ~ >1.

c. Losses still unexplained, possibly a result of entry shock in
the following stator.

d. Clearance, windage and mechanical losses.
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